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FOREWORD

This report was prepared by the National Aerospace Laboratory (NLR) of
Amsterdam, the Netherlands. The sponsors were the Air Force Armament Test
Laboratory (AFATL/DLJ) of Eglin Air Force Base, Florida and the Air Force
Flight Dynamics Laboratory (AFFDL/FBR and AFFDL/FBE) of Wright-Patterson
Air Force Base, Ohio. The sponsorship was performed through AFOSR Grant
77-3233, administered by Captain D. Wilkins of the Air Force Office of
Scientific Research (AFOSR/TKN) of Bolling Air Force Base, Washington D.C.

The report consists of four parts. Part I contains the general
description; Part 11 discusses the steady and unsteady aerodynamic tests
of the clean F-5 wing; Part III discusses the tests for the wing with tip-
mounted stores; and Part IV discusses the tests for the wing with under-
wing stores.

The principal investigators were Dr. H. Tijdeman and Mr. J.W.G. van Nunen
of NLR. They were assisted by A. N. Kraan, A. J. Persoon, R. Poestkoke,
Dr. R. Roos, P. Schippers and C. M. Siebert of NLR.

Within the United States Air Force, this program was initiated by
Lovic Thomas of the AFATL. 1Tt would not have been possible without the
expert assistance of Richard Wallace (Lt Colonel, USAF, Retired), and
Lt Colonel Daniel Seger and Major Robert Powell of the European Office of
Aerospace Research Development (EOARD).
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1 INTRODUCTION

In October 1977 wind-tunnel tests were carried out or an oscillating

model of the F-5 wing with and without external store. If present, this

external store (AIM-9J missile + launcher) was mounted either at the tip :

or under the wing. [

The aim of this investigation was to determine the unsteady airloads #
on a representative fighter—type wing in the transonic and low-super— 1
sonic speed regimes, ]

The wing model was oscillated in pitch about a 50 per cent root- :

chord axis at frequencies varying up to 40 Hz (for dimensions see Fig. la). 5

The Mach number ranged between 0.6 and 1.35. Detailed pressure distribu—

tions, both steady and unsteady, were measured over the wing, while m the
store the total aerodynamic loads were obtained. A description of the experi-
mental set—up and the testprogram is given in Part I of the present

report (Ref. 1). The results are published in a data report (Ref. 2),

}
while for easy data handling they are available also on magnetic tape. ﬁ

To assist in the evaluation of the data reference 1 is supplemented £
by three additional parts, covering successively the clean wing, the wing
with tipstore and the wing with underwing store. Each part contains plots r
of the steady, and unsteady pressure distributions and gives a brief F
analysis of some selected results.,. '

The present Part II covers the clean wing configuration, of which tj
some preliminary results were given already in reference 3. Figure 1lb li
shows the clean wing mounted on the side wall of the NLR High Speed Tun-
nel (HST), while the location of the pressure orifices is given in
figure lc.

First, the steady flow field is discussed, which includes shock :
positions and quasi—-steady pressure distributions. Next the vibration }
modes of the model during the unsteady tests,are analyzed, followed by a é
presentation of the unsteady pressure and load distributions. For a few %
cases a comparison with theoretical results obtained with the Doublet i

Lattice method is given. Finally, the value of the pressures measured at v

the wind-tunnel wall is examined.




2 STEADY RESULTS

General

of

e
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at incidences of

a listing of the

resul ting steady
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the
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pressure alst

Dy De tween

ribution obtains a supersonic character., The suction

the wind-tunnel experiment steady pressures were measured
0.5, 0 and 0.5 degrees. For the clean wing configuration

te

o

st variables well as a complete set of plots of the

pressure distributions in the eight measuring sections is

gathered in Appendix II.B.

l1gtributions
te the development of the flowfield with Mach number, the
fistributions in sections 2, ° & for zero incidence

are presented on the left-hand side of figures 2a to Sh.' At subsonic con-
litions (Ma 0.6, Fig. 2a) the chordwise pressure distributions are
haracterized by the effects of the droop nose of the wing airfoil. This
15 reflecte in a higt uction peak at the leading edge on the lower side
f the wing. The influence, however, is felt only in a limited area, since
th symmetrical aft f the airfoil causes the pressure distribution
ver the last 60 % of the chord to be symmetrical again. In spanwise di-
rection the pressure dist ion 1s very regular.

With increasing Mach number the effect of the droop nose becomes
more pronounced, with the suction peaks reaching a maximum around
Ma 0.7 . A& weak shock wave appears at Ma 0.9 on the upper surface

40 and S0 per cent of the chord (Fig. 2¢). At

Na 0.95 (Fig. 2d) the strength of the shock is increased and its posi-
tion is changed to about 85 per cent of the local chord. At the

time the shock has grown in spanwise direction. Further, on the lower side
>f the wing a second shock has developed, slightly ahead of the one on the
upper surface. Figure 2d shows also that in section 8 ahead of the shock
the pressures on the upper surface keep an elevated level as compared to
the lower surface, which probably should be attributed to the flow around

number becomes supersonic the shock waves on

> wing move towards the trailing edge of the

and the

peak

'i\' l ‘-‘l ‘..
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point the upperside of secti

showed a faulty measurement.
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on the lower side remains present, although it diminishes with further in-
creasing Mach number. In addition, from the root to the tip the leading
edge suction region shows a tendency to widen in chordwise direction. This

typical three~dimensional effect is caused by the fact that the induced

angle of attack reduces the actual local incidence when going more out—

wards, As a consequence the size of the expansion—recompression region
widens as can also be observed form the steady results for a typical sec—

tion, when the angle of incidence is reduced (;tw for instance Figs. II.B.

16 to 18 of Appendix 1I.B.),
2 o3 Quasi-steady pressure and load distributions
For the limiting case of zero frequency so—called "quasi-steady"
results can be obtained by considering the steady results for 1 inci-

dences around a certain mid-position. In the present investigation quasi-

steady pressure distributions were obtained from the steady distributions

for incidences of —-0.5 and 0.5 degrees. The definitions are given in

Appendix II.A, For the sections 2, 5 and 8 these quasi-steady distributions
are presented in the right hand side of figures 2a to 2h. For the purpose
of comparison the values on the upperside are plotted with a reversed sign.

When evaluating the gquasi-steady distributions it should be realized

that as with the steady distributions, the differences between upper and
lower side of the wing are caused by th netry of the airfoil and three
dimensional effects such as the varying induced ar of attack.

For subsonic Mach numbers the development of the quasi-steady pres—

sure distribution in chordwise direction is very regular, except for

Ma = 0.8, where on the lowerside the lues near the leading edge have

decreased sigmificantly (Fig. 2b). A possible reason for this is a slight L]
i

shift in the position of the stagnation line along the leading edge of the I
9

wing. Although this feature is not important for the interpretation of the

!
pressure distributions, it does influence the integrated quasi-steady [

2

) h
normal force and moment coefficients, resulting in a dip in the develop- :
ment of the normal force coefficient with Mach number (atm‘ Fige *). k|

For 0.9 (Fig. 2¢) the upperside at section 8 shows a sharp peak |
: ' > T

obviously caused by the presence of a shock at 40 per cent of the chord.
|

Apparently due to the flow around the tip the lowerside remains shock

|
B
free at incidences between -0.5 and 0.5 degrees. The sections 5 and 2 do !
show weak signs of shocks forming on both sides of the wing. The strong |
|

expansion around the droop nose causes very large quasi-steady values,




As the Mach number increases to Ma = 0.9 the shock induced peaks grow

larger and move backwards, while the differences between upper— and lower—

>
Py
—~
-

stream Mach numbers, the shock induced peaks have
sulting in more smooth quasi—steady distributions

4 . ’
the lowerside, however, new large varia—

appear near the leading edge, caused by the

suction peak with incidence., These varia—

tions are largest near the tip, where they influence the upperside also,

wn e ba & with further increasing Mach number. At Ma = 1.35 all
trong illati ha 1i :d, with the lowerside keeping an ele-
rated level near the tip.

the development of the gquasi—-steady sectional loading

er is given for the sections 2, 5 and 2", As mentioned be-
fore the first two sections show a dip at Ma = 0.8, which is not according
to the development with Mach number found in subsonic linearized theories.

In all three sections the load to am

ximum arouwnd Ma = 1.0, and

1th further increasing Mach number. Between Ma = 0.95

tent also in section 8 the de—

rel is less smooth. It is believed that this behaviour is caused
partly by the fact, that with o e orifices over the chord

o+
-
N
o
&
o

to the peaks caused by the

An illustration of the behaviour of the spanwise loading with Mach

umber is given in figure 4, which presents the spanwise distribution for
a subsonic (¥a = 0.6), a transonic (Ma = 0.9) and a supersonic (Ma = 1.35)
o reach a maximum in the transonic range is seen

to hold all over the span. Further, at supersonic speeds the maximum has

shifted to a more outward section, which is caused by the three dimension—

al behaviour of the suctior peak near the leading edge (see section 2a).

x)

For the integration in the sections 3 and 5, the wrong value found on
the upperside near the leading edge was replaced by a new value obtained
by interpolation between the sections 2, 4 and 6.




3.1

UNSTEADY RESULTS

Vibration modes

To monitor the vibration modes of the wing during the tests, the mo-
del was equipped with eight accelerometers (for exact locations see figure
la). The readings of these accelerometers were used to make analytical
approximations of the vibration modes for the 20 and 40 Hz testruns. The

polynomial expression used for these approximations is:

w(x,y) = ) amnxnym (m = 0,1,2; n = Q,1) .

This expression assumes no deformation in chordwise direction and a para—
bolic deformation in spanwise direction. In using the measured values,

the readings of accelerometers 5 and 7 were carefully weighted to ensure
a realistic development of the torsion angle along the span. Taking this
into account, for all vibration modes, the difference between the analyti-
cally approximated displacements and the experimental readings remains
within 2.5 per cent of the maximal displacement. Table 1 presents the
numerical values of the coefficients 2 for the analyzed vibration modes.
The normalization is carried out such that at the wingsection of accelero—
meter 2 the tangent of the angle of oscillation equals one.

To illustrate the vibrational behaviour of the wing the vibration
modes, i.e. the nodal lines, are plotted in figure 5. The plots indicate
that both for 20 and 40 Hz the nodal line bends backwards with increasing
Mach number up to Ma = 0.99, after which it moves forward again. Also, for
all Mach numbers the nodal line at 40 Hz lays ahead of the one at 20 Hz.
Further for all cases it was found that the pitch angle remained constant

over the span.
Unsteady pressures

General

Also the unsteady pressure distributions for the clean wing configu-
ration (tabulated in reference 2), have been plotted. These plots to-
gether with a list of the relevant test variables are given in Appendix
ITI.C. For better comparison the values on the upperside are shown with a

reversed sign.

o f o

el il




Unsteady pressure distributions

The development of the measured unsteady pressures on the wing with
respect to Mach number and frequency is shown in a set of plots selected
from Appendix IT.C. For frequencies of 20 and 40 Hz, they present the un-—
steady pressure distributions in the sections 2, S and 8 for a subsonic
(Ma = 0.(\), a transonic (Ma = 0.9) and a supersonic (Ma = 1.35) Mach
numbol'x . For the subsonic case these plots are supplemented with a
theoretical result obtained with the Doublet Lattice method (Ret‘. 4). This
method computes the jump in unsteady pressure across a lifting surface,
However, in figure 6 the measured unsteady pressures are presented sepa-
rately for both sides of the wing. As a consequence the theoretical line
in the figures 6a and 6b represents the pressure jump divided by two. The
panel distribution used in these calculations is given in figure T.

A first impression from figure 6 is that in section 2 on the upper—
side the data obtained with the tubes and the Kulites are in perfect agree—
ment, also with a shock present. This indicates that the experimentally
determined transfer functions of the tube system, which were obtained as
average values from a large number of readings (see reference 1), indeed
give a correct calibratione.

When considering the unsteady pressure distribution for Ma = 0.6
(Figss 6a and 6b) it is clear that the behaviour over the wing is very
regular except in section 8, In this section a bulge occurs in the distri-—
bution on the upperside. This bulge occurs for all test frequencies (see
also Appendix II .(‘.), but is not visible in the quasi-steady distribution
for Ma 0.6 (Fig. 2a). An explanation for this bulge is not readily
available, especially since at Ma = 0.8 (Figs. II.C 5 and 6) it is not
present any longer.

The comparison with theoretical results for both 20 and 40 Hz shows
a very good agreement between theory and experiment except of course in
section 8, Further, it indicates that the development with frequency is
very regular, showing the same trend as the theoretical predictions.

At Ma = 0.9 the shock induced peaks, already found in the quasi-
steady distributions (Fig. 2¢), are present also in the unsteady distri-
butions and they intensify with increasing frequency. A4t 20 Haz (Fig. 6e)

the effects of a shock show up only in sections % and 8 on the upper

)Not,v that in section % the first point on the upperside has been esti~-
mated, since it was faulty,.

R
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surface, while in section 2 on both sides and in section $ on the lower—

side hjgirusubsonic bulges have appeared. Apparently these bulges are caused
by a coalescence of very weak shocklets, which extend from the end of the
shock near section 5 towards the root and move upstream over a consider—
able part of the chord. At higher oscillation frequencies these shocklets

do not move as much and converge into a weak but more stable shocklet

thus changing the bulges into sharper peaks., This development is clear in
the distributions for a frequency of 40 Hz (Fig. 6d).

As expected, when the Mach number is increased to Ma = 0.95, the
shock induced peaks in all sections move backwards to about 80 % of the
chord (Figs. 6e and 6f). Comparison between the quasi-steady (Fig. 2d)
and unsteady pressure distributions show that the differences between up—
per— and lowerside are less for the latter. However, in section 8 the
differences attributed to the flow around the tip remain clearly visible
in the unsteady cases. As the frequency increases the behaviour of the
shock induced peaks indicate an increased phase lag with respect to the

oscillatory motion,

For Ma 1.35 figures 6g and 6h show a very regular unsteady pressure

distribution which only on the lower surface of the wing somewhat deviates

from a typical supersonic character. There the effect of the suction peak
near the leading edge,which has a tendency to broaden near the tipyis

clearly visible. The behaviour with frequency is obscured by the low

level of the imaginary part of the pressure distribution,

Unsteady load distributions

: . R . e
The behaviour of the unsteady normal loading in the sections 2, 5

and 8 as a function of Mach number is presented in figure 8 for frequen-—
cies of 20 and 40 Hz. Comparison with figure 3 shows the expected similar—
ity between the quasi—steady normal force coefficient and the real part
of the unsteady normal force coefficient, The general trend is that the
Re C ,; Feaches a peak near Ma - 1.0 followed by a decrease with further

increasing Mach number, while the Im C . changes sign in the transonic
23

range. Notice that in figure 8

(chapter 2b) dip at Ma 0.8,

section 2 shows the already described

x)

For the integration of the unsteady pressure distributions in sections
3 and 5 the zero value, wrongly measured on the upperside near the

leading edge, was replaced by a new value obtained by spanwise inter—
polation between sections 2, 4 and 6,

E—————
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It is not known whether the sharp peak at Ma = 1.0 in section 8 does show
up also in the quasi-steady results, since no steady measurements were
made at that Mach number. Some of the irregular behaviour, especially in
section 5, may be caused by a lack of resolution in the measured unsteady
pressure distribution to fully account for the effect of the moving shock.

As can be expected the differences between 2C and 40 Hz are found
mainly in the imaginary part of the unsteady load distribution: the Im Qn
is doubled in the subsonic and transonic range. Above Ma = 1.2 this
difference is not quite clear due to the almost zero level of the imagi-
nary part of the unsteady pressure distributions (Figs. 6e and 6f). In the
real part of qu the irregularities seem to increase somewhat.

The figures 9 through 12 show the normal load and pitching moment dis-—
tributions over the span for the Mach numbers 0.6, 0.9 and 1.35 and fre-
quencies of 20 and 40 Hz. In addition for Ma = 0.6 the theoretical distri-
bution obtained with the Doublet Lattice method is given.

For Ma = 0.6 the load and moment distributions are more or less
classical except that the difference found normally between theory and
experiment (theory slightly higher, see for example Ref. 5) seems to be—
come abnormally large for the real part at the outer half of the wing. The
reason for this is twofold. Firstly, considering the unsteady pressure
distributions (i.e. Fige II1.C.2) it can be seen that on the lower side at
10 % of the chord the sections 5 through 8 do exhibit an unexpected large
negative peak which affects significantly the integrated force and moment
values. The second reason is the unusual bulge in the unsteady pressures
on the upperside in section 8, These irregularities do not occur in the
imaginary pressure distribution, which explains the much better agreement
between theory and experiment for the imaginary force and moment distri-
butions. The effect of the frequency enters mainly as a doubling of the
imaginary fcrce and moment when the oscillation frequency is increased
from 20 to 40 Hz.

As shown already in figure 8 for some individual sections, the real
part of the normal force tends to increase with Mach number, while the
imaginary part reduces and eventually switches sign over part of the span.
This is illustrated clearly in the figures 9 and 11. The behaviour of the
real part is similar to that found for the quasi-steady distribution ex—
cept for the unexpected dip in section 5, which shows up in the imaginary
force distribution as well as in the moment distributions. From the data

it is not fully clear whether this dip, or perhaps the bulge near the tip,

<
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is due to inaccuracy in the integration process or has a physical cause,
It is suspected that at least a part of it is caused by insufficient re-
solution necessary to integrate over the peaks generated by the moving
shock,

The real part of the moment distribution at Ma = 0.9 varies from nose
down near the root to nose up near the tip. For the latter region this
means that the real normal force acts at about 10 per cent of the local
chord, At the same time the imaginary moment distribution has almost
doubled with respect to the subsonic values,

At supersonic speed (Ma 1.35) the maximum of the real part of the
normal force is located more towards the tip. As explained already in
section 2b, this is due to the influence of the induced angle of attack
on the behaviour of the leading edge suction peak., The imaginary part has
become fully negative at this Mach number, The moment distributions have
changed drastically with respect to the ones found for Ma = 0.9. Now, for
both frequencies, Re C shows a relatively constant level over the span,

ml

while Im C ; varies around the zero level again. As indicated already for
m

the unsteady pressure distributions, the effect of the frequency is mini-

mal for this Mach number.

Unsteady wall pressures

During the wind=tunnel tests unsteady pressures were measured in a
mesh of 75 pressure points at the slotted top wall of the wind-
tunnel test section (for exact locations see reference 1). These measure-
ments were meant to provide the analysts with a set of data that could be
used to model the tunnel wall in theoretical calculations. However, before
the tests it was realized already that measuring such unsteady pressures
induced by the oscillating model would be guestionable. Clearly, for a
slotted wall one suffers from a certain level of unsteadiness created by
flow in and out of the slots. Therefore, the interpretation of any data
taken in such a way may be very difficult and the use as explained above
not very realistic.

Nevertheless, to get some insight into the level and the usefulness
of the present data a limited analysis is performed. The unsteady pres—
sures, as measured in the direction across the clats above the oscilla-
ting clean wing are plotted in figure 13 for Ma = 0.6, 0.9 and 1.35 and
frequencies of 20 and 40 Hz. This figure shows that for Ma = 0.6 and 0.9

the unsteady pressures behave very jumpy when going from slat to slat.
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The maximum level is of the same order as measured on the aft part of the

oscillating wing. Further, increasing the frequency from 20 to 40 Hz does
not produce a very systematic change in the measured data,
For the supersonic Mach number 1.3% the measurements show a nominally

zero level on the two outer slato indicating a low upstream disturbance

level at this speed. However, near the comer of the tunnel over the first 1

slat, which is separated form the side wall by a slot, the disturbance

level is appreciable, Again no coherent behaviour with frequency is found. "
From this limited analysis it can be concluded that although a cer— r'

tain level of unsteady pressures was measured on the tunnel wall, their |

magnitude depends very much on the position of the orifice with respect

to the slots and that it is difficult to relate these pressures to the

P . . o
oscillatory motion of the wing. TherefOre an attempt to use these data as

input in a theoretical analysis does not look promising.

4 CONCLUST ONS

A wind—tunnel investigation was carried out on a harmonically oscil-
lating model of the F=% wing with and without an external store, As part
of the test program steady as well as unsteady pressure distributions
were measured on the clean wing configuration. In the present report a
limited analysis of the clean wing results has been given, This analysis
concerns:

« the development of the steady flow field with Mach number

. the behaviour of the quasi-steady pressure and load distributions,
which brought to light some typical features resulting from the shock
and leading edge suction peak

. the description in terms of polynomial:s of the in-wind vibration modes
for 20 an 40 Hz

. the development of the unsteady pressures and loads with frequency,

showing that for Ma 0.6 and 0.9 a normal behaviour with frequency
occursy while for Ma 1,35 such a behaviour is not very clear

. the comparison between measured unsteady pressure distributions for
Ma - 0.6 and theoretical results obtained with the Doublet Lattice

method showing a good agreement

. an evaluation of the unsteady pressures measured on the slotted tun-—
nel wall, indicating that these do not seem useful as input for theore-

tical calculation methods, {
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TABLE 1

e

f Coefficients a for the approximation of the in—-wind vibration modes
mr

, of the clean wing at oscillation frequencies of 20 and 40 Hz. J‘
: ; Run | Ma ( !i'j, K %00 2o *10 i} 220 a1 ||.
§ 3821 0.6] 20 .199] | -0.330] 1.001| 0,002 | ~0.013{ =0.052 | 0.067 f
{ 383 0.6 40{ «399) | ©0.312{0.954 | -0.148 | 0.532| 0.339 | -0.602 !
367108 20} 153 -0.332 | 1.001 | -0.023 | 0,012 | -0,080 | 0.048
3681 0.8 40 .307 -0.310 | 0.952 | =0.244 | 0.578 | 0.434 | -0.853 .
3691 0,9 20! 137 ~0.339 [ 1.016 | 0.041 | ~0.210 | =0.269 | 0.456 |
- 370 0.9 40| .2751 | =0.329{ 0.977 | -0.088 | 0.244 | -0.077 | -0.091 i
160 | 0,95 20| .132 -0.354 | 1.016 | 0.093]-0.185 | -0.351 | 0.266
161 0.95 40| .264) | -0.248 | 1.023 | 0.165 | ~0.362 | -0.711 | 1.264 | }
375 1 1.00 201 .125] | —0.346 { 1.018 { 0.073 {-0.221 |-0.332 | 0.355 i
376 | 1,00 40 | .250 -0.334 'o.)ﬂs 1 =0,039 | 0.144 |-0.122 | 0.057 4
165 | 1,05 20 E~1hn -0.354 | 1.029 g 0.134 | =0.360 | =0.468 | 0.669 H
166 | 1,05 40 | .243) | -0.333 0,986 [ -0.050 | 0.139 [-0.103 | 0.029 3
172 {110 20| 016) | =0.349 [1.019 | 0.076 |-0.231 [-0.315 | 0.346 ?
172 { 1.9 g0 { 231 ~0.329 {0,972 | -0.118 | 0.317 | 0.056 |-0.343 {:
1871 1.200 20 .209) | =0.345 | 1.013 | 0.074 | -0.155 |=0.225 | 0.219 {
188 [ 1.200 40 .28} | ~0.231 |0.983 [ -0.001 { 0.173 {~0.075 { 0.036 ;
L) L3l 20¢) 10D ~0.343 [ 1,009 | 0.072 | -0.110 {~0.194 | 0.142 _ ;
193 | 1.350 40 | .198] | ~0.328 [0.979 | -0.016 | 0.228 |-0.001 |-0.111 f
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L3

® ACCELEROMETERS
NR . x (m) y (m)
1 0.1087 0.0957
2 0.5648 0.0977
3 0.2309 0.2971
4 0.5475 0.2991
5 0.3422 0.4772
6 0.5270 0.4772
7 0.4070 0.6176
8 0.5390 0.6176

1 Fairing (0.0250 m)
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APPENDIX II.A

Definitions of steady and unsteady aerodynamic qua.ntitiesx

)

Steadx

% Pressure coefficient Cp s
c, - (Ploc -P)/Q .
Sectional normal force :l

73 -3 = - RN
Z=CQC;C, J (cp+ cp_) a(x/c) .
o)
Sectional pitching moment about quarter chord point

(positive nose down) :

. |

2

M=CQC”;C -~ J (cp+ - cp_) (x/C - 0.25) a(x/c) .
(o]

Quasi-steady at zero incidence (w = 0; a_ = 0)

o)
Pressure coefficient CLI
C (\l + Ax ) -G (\l - A \)
C : A("“ / Aax R o) 1 P\ 0 2 5 3
Pq : Aal + Aotiﬁ -
Sectional normal force
. C (d +ALI)—C (a.—Aa) .
2 = nQCC”qeelht 3C =i fan ol geo 1 E.9 .2 3
2 2( 2 m
1 A\Il + Aag

Sectional pitching moment (positive nose down) :
iwt

5 ,C (a + M) ¢ (a - Aay)
Qcc_ 8¢’ ;¢ =S AC Ao - = B0 L ®m_ o 2
mq m m

n

M

USTE

9 Adl L = A\Xq

x) B s .
The definitions for the unsteady aerodynamic quantities are according

to the AGARD manual on Aeroelasticity Vol. VI (Ref, 6).
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Unstead

Pressure coefficient Cbi s

- ReC . + iImC , = P <
C s ReC ; i1nC Ii/QG

Sectional normal force :

jwt
7. = 1QCC _.8e " ; C . = ReC_ . + iImC .
1 21 Z1 Z1 Z1

Sectional pitching moment about quarter

(positive nose down) :

m 2 iwt
M, =30 Cp;®e ¢

]

C. =ReC . +iImC . =— = I (¢.,~C
mi mi ml m pit+

chord point

pi_) (x/c - 0.25) a(x/c) .

TP

|
f
|




APPENDIX 11.B
Steady Pressure Distributions

Clean Wing (Conf. 0)

Nominal }Nominal Nomin:n(
v ) t‘ »
Run ™ a <) Py x 1O Fig. No.
(degrees (l'.’l)
136 Q.6 =05 10 TE Bl 2
3T 0 2
1138 +0 . 3
145 0.8 =05 kB, 4
146 QO 5
14 +.H O
150 0.9 =05 Ll eBs T
151 0 8
152 +0.,5 a
L5 095 =05 1T .B.10
158 QO 11
159 +0 ' 12
162 {80 =D Il sBels
1¢ QO i 14
{
104 +0. | 15
1677 110 =045 1T «Bs16
168 Q
l 17
169 +0, 1.0 18
184 L 20 =0 Q.1 II.B.19
]-\:‘" (0] i )
1 8¢ +0, i 21
|
184 e =0 ' 11 B.22
190 O ' R
1 ' D 2 2

(Note that in sections 3 and % the first pornt on the upperside, showing a
sero valuey is a faulty pressure point, which should not be considered in
any cvaluation),




FIG.
8.7

.“ O 3QIS¥3m0T
0O 3QI1s¥3ddn

v 0S5 YHdATY
865°
9€ I

HOYW
NNY

(ONIM N3]

T 4 P 11J e i gty
] |
i e | 1 o o Bl N i d
Jol - bol 0 o]
- | > s = = o] i o , o
BELEYEEE “Ceogat: Copgpet: Coopel-
i o d W N W T P R R i e SN O gy e 8
L 1 } { 4 L 1 ! : 1 $ 3 4 — : 4 : + L
8 NOILD3S L NOILD3S 9 NOILD3S § NOILD3S
l o 1 B4 0 1 0
A B ot : - F B prer
= + 4 4 : i <\L R, ., 4 e - SIS S |Im ¢ O e
®Poget- Cooped- | Coopet- eoggeo

iy — — P - - . “ - —— - - - \l.u
L : - :
_ >  POEEIE M) L (RN S RS S5 ) L 3
,_ | SIS SN SIRES (RS W o -

o

i i 1 di
7 NOILD3S | £ NOILD3S | T NOILD3S I NOILD3S
[ ! | 1) L 1 1 S ! ) '

s
L)

A8

g-
Lo)




[ ———————— N

(ONIM NY312) 0°4NCOD

FIG.
Z.82
=Y
o
o
o
o

. w w ;, © . 9

| —tta | —— +

1

{ L | | 0 jol
' EB&anme GDBmenG moaowbmm,
A ! U0 R R o o paistentd) ! £ R : ! B R

.l.llo’i)xwltoly{ltl. ~ + 1 ) T

b | 4 { + ~ L I
8 NOILD3S L NOILD3S

e el | SRR S

¥

B

9 NOILD3S § NOILD3S

! o | 4 o n O
© 3Q1543m07 o o] -4 a o} oz <}
O3aisuzean . 0928280 [ Co0ogag® _CoogRRE|  “boogs

(&)

D
L0 2

o o [ o 9
V’I&‘ll.&,! st S — L, i - h 2 + p-
S00°*~VHd IV R e Tt r T 1 R T T t t e e r t + + , gy |

Lés* HWw 1 o 1 L 0 1 1 ! |
LEL NNY PV ZO_Fme_, , € NOILD3S

e s IS SN S—

e e B TN

¢ NOILD3S | NOILD3S
ol MU IO IS S Lo { ST R SRS




FIG.

Z.8.3

O 3QISd3Im0
0 30i1S¥43ddn

£6y°® VHdAV
Lb6S* HOWW
8L NNY

(ONIM Ny312) 0°4NDD
l Ol o 1 ) ) A ENE cv.
T<\\l. - S 1 2 - + - - — + - M - e - +
Nolk Q lpﬂ\l ; - i 0
2 5 ® O 2] o) ) o 9%g !
°%epRp8d _ [®@epcpBy | %eepgpBl | (%9889,
| S el £ L | S, O | d ! I i RSE (NN S SR (e
+ i . i i + . : + -~ + ; . . - g ~ —
8 NOILD3S L NOILD3S 9 NOILD3S § NOILD3S
4 't = - i : . L Y SPISESN FOSS.
1 0 l 0 1 R TR SEr) 0
g ! : =l e g RN CRND P R (SES00
4 0
°w S 3 _.- % S To ]
ee 0%g Peesal?8 ee o8 eee
| i mmmh ,JQ bt 1 _.l..u( ﬂ o I A @@D\Dﬂob - xv\.,IT»II@'mlIL
——— e e ] — e —t ] = ;
I LA o e R0, KSR S Ry (T S I3 b ! NP {
¥ NOILD3S £ NOILD3S Z NOILD3S | NOILD3S . ,
| DRI SN S, M *  SIORSREIISEE (IS TR S S 1 L |




ST T Y e T AAPBANA R S L

FIG.

(9NIM Nv370) 0°4NOD

4
M Rt 0o 1 0o 1 0o 1 o~.
N i
— — ~ — +—- —+ - —
g o] | |
IB:T ID:E : ~ o) o o0
%muanwmmw  1%0egghal |  Ptogg@ol | [C0oggd
|
9 g . lo lo
= S ESPR x-..v%: ) BERSRIE 1 IS \4 L _ A i - y-
R R A Al R B I
X - .
8 N0ILI3S | £ NOILD3s | | ”_ozo:umm_ H s Tzo:umm_’ L ) ¢
%l o g i 0 1 0 1 6
| o P g e 5 ﬁ g
e
O 3QIS¥IM0T ,b@ | o) nv et e l 8- o
O3as¥3dan | | CPoOpA sbm , q ﬂ ﬂ % L %G.ﬂlﬂlﬂ 8% o | - Cpogefo
," | | _ , .
fl w .# + e NSRS * * + ﬁ s _« S S A*l!\ ¢ SE—— f— 4 — y-
805 ~¥YHd 1V rlM ;LT:I_F * ¢ [P e & +— 4
66t woww LI | L : A = L b b e~
Sy NNy |7 NOILD3S nzo:umi | Nzo:uwm | | (A Nowdas @




. -~ - o bk -
Y YT g RS 3 - — SRR J ol RPN S sl e
. - - - - - - o

(9NIM Ny3172) O°4NGC3I

FIG.
ZB85
<Y
o
o
o
o

i, B q | d

8 NOILD3S L NOILD3S 9 NOILD3S § NOILD3S
S L 1 | L 1 ! L I 1 J ) 1 i 1%

© 3QIS¥3N01 L T T
Q3aseaan . . CPeglE®| | Uoee

30
an

|
|
4
|
\
1
lo
T
+
J 1O |
|
(e}
t O
()
e 1
o
Lo
'
|
-
i

Qo

NPT

YOO - Ittt T e e

G6L*  HOVW | -4 Sacun: RN WS N b i tl&l:l,;v\r‘* VS NHES WO SIS PR (R “

oyt  NOM _,_Hs.hvmfr || € NOILD3S 1 T NOILD3S ] | NOILD3S |

4

TN | =

s i e,




(ONIM Ny3T2) o°
0
: % ! 0 1 - 0
LN T i T T 7Y 71— P R e s
&N | | 1 L |
{ A 1.14 e I I I | I I
el | | Q Q
T T @] )
Ogggo®o Q ©Pc e el
rfffwwf%ddﬂm L ﬂm%aema wmmaa o
S !4,.[ s d_v — o= 1 a i 4 3
e S S S !
e
b L. ¢ s i , !
8 NOILD3S £ NOILD3S 9 NOILD3S
R 1 e 1 |
% l 0o 1 0 1 0
L b I L - &l g
© 3QIS¥3M0 Bom X BB@ o0 B Em@m %8
O3ais¥3den . "B @R o ” 28 . | —HBfgn
T:: F_ﬂ O IRG, [ Al 1
| | _ |
Eor* MY 11t —Tr—1—4 L I ™
L6L* HOWW TLf*! +—td L i } | —
/vL NNy |?NOILD3S| € NOILD3S _ ZNOILD3S

N

09
1 0
~ - - —— 1,111114 1 4
- 1 + e
ol . 0
e 8sg°28
d = US o
+ - pr=
| ‘ 4 8-
mzo_Cmﬁ | e
L 0
f T v
s G
2 e of )
(0]
“8e8@ .Pm%ﬁ
1 v-
LNOILD3S I S R -

FIG.




prpe—— T S
~
. g %t . RS 0
EN B 2 O e R N B A O
w l [ | | | [ IP! | { |
P R SRR, B G R
| , { | n | | |
Tbﬁ o) i3 i { 9 2] 1 , a
| | _
. " ®Bge®B| . | O%p B o080
, , : _ a
S S | Diﬂij S FUAS S - Rt N
L= W - Ig,v — r ,_' T ;1 T
SIS N G SRR St B EEK LT GO U e
gNowdss £ NOI1D3S !
% 1 0 1 0
| L " e L |
| O 3aIs¥3INn0T T 8] ll.e.lllm —TTToH
‘ Q Q -
{ L o)
O 3aIs¥3ddn &Bemmol | Bmemm
L - \H + " SR i . ! N w .
16 % —VH — ] R s —
»0G*~YHd TV - a
b68° HOWW L | | | Sl | DO S e (e S
~ v NOILD3S | £ NOI
061 NNY  dleadans ) TR R 0] .,tIi(Wu,m;m,_k,}lYén!»IA\L

(ONIM NY312) 0°4NGD
L 0 L 0
B i | R Jer e 2 |
1 ]
R et e fod el
g ,

D
B

[©

- + R

.-

BB s
- 4 ' 4 —+ -

+—o

T B R

Z NOILD3S

et b ek, Jekb

L B Lw, —— hﬁ
R . , s )
{ { | (o
i “ i k .H .
§ NOILD3S |
{ S i e
L 0
1T T
S VIEE ;. N
Q L L e
g®o

L

i
9

54

8-
9




(ONIM NY312) O°4NOD

. %1 o 1 0 1 0 1 0
m. Q 7x [ T — Py o T e = P — 14
e I _
# - -~ w — 4 ,v —t- - . -+ + + -— ——— 4 - - - —_—
Q d Q . o d a A "
9] o 2] 9] ©] u |
. ~PBgoor| . [Bpglo08 Op, . 028] | @g o8B |
o6 B W E&o
~ 4 G 0o
. u . " i + - <7 + ﬂ b4 + - - - — U—— ‘-.l
g o o
- - - + —— —d - -
{ l { ! ! ! 1 } " } } : ! + : " . + v g-
8 NOILD3S L NOILD3S 9 NOILD3S § NOILD3S -
i
g}
5o 0 1 0 1 0 1 oq.
. . ‘ st
o) H o o) ¢ ‘ Hu
O 3QI583#0 T o 5 o —= o) oo, Ibd %o ;
Yo D > rom- G
0 301543ddn . .DBDEmma .Dmm.am\n\ Dwmmmn .obmom a
g 9 . § K g ’
POOS=VHdI¥ i 1 DR S Sl R FY e R O e T
2T LR Ry TR B S G TR iR SRS S SN P S| SIEY SIS S N SN, ROV SO S AL PO
bsi Moy [PNowd3s| ||| (Emoudzs) | || CRouds) | tNoid3s 4




fan s e e o i o & Y ¢ oL 2o o - i PO oy > v e Lo e b i 2
11‘ e s . S e T i i e i s it

(9NIM Nw313) O°4NGCD

Fl

.
-+
'3
.
.
.
.
.
A
.
+
+
+

G.
Z.8.9

v
o R

|

|

=

|

1

|

|

]

|

‘»

0a

|
!
a
o
@
33
O
‘©
®
o)
RS
an
o)
v ~@
ko)
o]
&
o
O
NS RRS!
)
o]
a
o a
fo)
IS e

© 3Qi543M07 3
O30583ddn . . 9 g o s

[l
(S
O
t} ©
te)
(S]
@
©)
a
(<2
©]

0]
8 i
8]
© i
te}
8 3
oo
8 3
@]
i3]
1<)
= 3}
(@ o]
L?Ta

® o o 3 e
(6 YHEW [ 1 T 1 [ i i i i 1 i T T T T T T
968 HOWVW NSRS, 3 3 ° ! S = e L . . . . - - . - - . .
25, NNy ¥ zo_._.qu» € NOILD3S Z NOILD3S | NOILD3S

e —




Gl e i ok 0 C o et T wr

ok b AR A W A oA i Gt AU Kb r...k....u%!!rns AL g e A i ey -
(9NIM Ny312) 0°4NOD
M | o 1 0o 1 0 i
25 o |
(S e . ol e L
o] g 0] Q Q
@ o ® . 3 D
o> NN —1 o) g o | ﬂ w ] D.E’vi g
a ¢ g Q O M . 5 w 0 !
@W & of8F -+ | g8 ¥T | — - BB
-5 R W, (T GRSE PSR IER5: SRS sl IS S £ e
ey y 155 }
18 NOILD3S ﬁ £ NOLLD3S 9 N0ILD3S A “_m NOILD3S
% | LT - & GE 0T 3
| j e e
AT e e
0 30ISY3M0" 'S = 7 —toe  —p—— s d 3 5
O 3qis¥3ddn | | ewe - | T | omno % i are o Qm#
o G} - o
5687 1p987 ~ Pge0° o
AL S S5 IR s e I S, N — *_ ﬁ = L R S
L 1S ®—VHd TV Rar e e _ f\J # = A
bV 6*  HOVW s i o SIS [ S S T S %
151 NNy |?NOILD3S ENOILO3S | eNoid3s| | |tNowd3s




FIG.

Z.8.77

O 3Qis¥3m07T
0 34i1s¥3ddn

y 00 —=VHdAV
gy b6*  HOWW
851 NNY

} |

[ 0
8RBy

. e

8 NOILD3S

0B

Q

14 zo:.Uw.v.»

.
NS

B

1o
1o
o]

0

(9NIM NY312)

- - + -

0°*34NOD

1 T

— i

5

g8 ?

a
.om“mg |
DQ 4

Q -
9 NOILD3S
0
14
i~
cfo
s @ m,b e R
pe® L
| i o
S U PR SO R |
Z NOILD3S |

L NOLLD3S |



FIG.

O 3QIS43m07
0O 3QI1S¥3ddn

967° VHdV
IP6°  HOYW
651 NNy

N
~
Q Wn
N

(ONIM NY312) 0°4N0OD

L o 1
I 5 e e
, ¢ b v o eamns s (RN et S0
R o f 4 [e
—t——4 : ==
| { | @ ! OA 0]
¢ m woe@@ i . oeo% e g
s} | e O ® o] 9 o
-8 BD' - r ,mewo. WBQB b + ,m
4 * 4 { L ,., | ! { . — b
m O.Uump w 4 | I 4 L L 4 + - | - gL
NOIL , ,
e B (LNOILD3S 9 NOILO3S, [ m NOILD3S | 4o
. o i s, NI 0
. + <. + IS v yJ, ~ 4 ,,v f ylh\11|+|§
Q i _M | c 1 w [
T to ® ; 5 —To%8
© | (0] ® W , , 0]
Lt ao-—0t— ; o gl aE ml ‘ —e
NEDERET sgp8fe’ 4 ﬁm@r_
.ﬁw . v .g 4 + 1 — 4. ;
| |
. . . - — . . - - d ]* - - W\ QIA
; i 4 4 B b 1 A | ! Y R £ 54_.11 o i
yrnoud3s| || £ NOILD3S g Z NOILD3S ; JL _zo:u#‘

99

59

-

8-
Lo)




FIG.

(9NIM NY310) 0°4NOD
2 0
< : R 0o 1 0o 1
: 5 o
: _ o
alo = R - ) ! QT
- o : TN lr‘ A e e a Tl\‘ %Wte 0
®pobopT ‘egln epB | 4
Om T| GO )
; \. : I.Lﬁl , Lﬂ’ ‘
- xﬁx — T.lll 1 — p—- 1+ JF_ a 1 Lj JJ\L
zo:umm L L zc:uw L oNowd3Is| §NOILD3s|
J,
l 0o 1 o 0B 0
7x S e S . e H ﬁ s e ~
| ° ! 13 lﬁl | 4 s E
e B ool ey
2 ! | A ‘w
O 30IS¥3M0T | f m 2 % w ﬂ I 1 &ﬂdl e m#dl
o L . Q| s ! L
O 30is¥3ddn | w 58e B | o0 H 5 mwélﬂle 5 .
| il | | |
o 3 lo
90S*-¥YHdIY I i r
970° L HOWW N
291 NNy |?NOILD3S (€ NoILd3s Z NOILD3S ] | NOILD3S

8-
]

60

g
9




FIG.

8.7
<Y

O 3Qisd3m0
0 3Qis¥3ddNn

PCOC—YHd4Y
vPO0° L HOWW
€91 NNY

(ONIM

BoofcC.

8 NOILD3S

R SE—— _—

-

—,— 4

T NOILD3S




TS ENR

(9NIM Ny312) 0°3N0OD

0
-
< % ! 0o 0o 1 Bl o-
25 L T e B R
L o ] St s N e e gecest e
fresmint o 0@ . 5o &8 yos—t GM.OA 0
“ | £y ] e 1@\@ - 9 s R P o) 0 fos!
I 2 T ® -~ g o¥n00d gonD ™~
ogeBBio| J | opggo® | 4 (eg885% | 4 ggfY¥ T | 4
| | \
| _ .M , H |
— 4 4 — 4\ S e e ey e e e (e ' T 1
N NN [N (NSNS S D MRS SN S R S S litL (IS (S DS S SR
gNoILdIS {NOILD3S 9 NOILD3S § NOILD3S 5
e USEESN AL Revste e e |5 | N JSCENTE S - = =SS ' S
‘ %t gl 0 | 0 1 0 #
| = r 1 —i — T v
— 4 4 +— - ’m e — ———— == b —_— <4 m 4
© 3QIS¥IA0T _ Qum.ml equm S 2 = mh« ) Wm..mL 0
_ ® ;Y & %0 P
301S¥3ddN ——~ & S - gla 1. 3 — @8l -
8 sRBTS ghEs caEt 4 rgett 19
Gl e 8 - L. ; “
L = T = W T =—1 —— 1 |
yby® YHAY 1 i AR VRN YR RS A N O S B [ e s
proeL HOYW L - A ——— - _ SR R FRE e
{ , { ! ” {
yoi NNy TNOWOI3S € NOILD3S | I NOILD3S 153 1 NOILD3S | ] a




(ONIM NY312) 0°®4NOD

2
y W 0 1 0o o
ﬁ a ilen 5 ] aw ] ,.lll!‘ﬂ,ll l«,\||1l _ﬂllm =1 ! 4
- I i 4 p g v ! L , G —|‘ 5
! ~ | Wk i e i T
| O yF = | O ! .. D , _w
| o nU . < [ O O | , 0 m\ ‘_ﬁ
_ ) a LaBB = | ‘e 8 m s 8
TEfeos T, EfoP" | ® 5888 | gev?
L S ) DR B ) | SR dag | Al < W PN EP (0] L |
,” M g g o
P _ B T e G i R S e e e I
I B e el bt s 4 sty IS T, L W L ] |
i 8 NOILD3S | , L NOILD3S 9 NOILD3S § NOILD3S
e e e L i L L ! . yl-{_ 1

03

- L) 0 1 o
d [ - L (RS R TOES e
R S SAGER S - e S E R, B T
O 301533407 g ] b,wT a-—s —a8o]

D 301533ddN .rwo & phBF | | “mo® p® m‘ Dl -%F vdba e e

o © | ,,_ ”

—_— - N O - RN DE— — Iﬁ B — e — {

,, , |

Z15°-¥YHdY e 3 + B - . . + wl .ﬂ

960%) HOWN 4 b e T NP SS— —_—l T ' ” Lq.l w
(9L NNY rv ZO_hmeF, ) & { € NOILD3S (4 ZOZ.wa” | I_» | u_ ZOZ.meb




&)

(9NIM NY312) 0®4NOD
™y
< o 0 _ 0 :
g - T [ i r [ T | ¥
TN | LB Lot Lod
i ,ﬂ A. -
— <g—d o
bol B Bgo
oN 3= £ e Son-n s g
| Toon 7o BE™ o
T\f!fll#l«llfllnl'l.a ——— e+ g y-
,” . _
| T l—:\l.\% " SEENSNIS! SIS PR | 2§ : : = SIS VR | = ISP oMl v (WTI L i + 4 e —1 8-
8 NOILD3S | L NOILD3S 9 NOILD3S § NOILD3S ¢
ARG N S0GS) el g, (RS (RN 1 SR DS T SO e Bt
y g- 4 0 1 0 1 0 ,

B o ] o . ‘ ‘ &
) a P o@ o oW - W & BRolo

g @ ,
O 30iS¥3ddn Tm»@l@ 8 s ID@J@»B +0 -8 = R r D;@DJ ,_, o
‘w = f 8 | S S Y S rl'ﬁ ——t jlllrl\tm S 15 ,I\l'if\w!"‘flx,_ | i y-
i | i !
“ _ B | | Pt fuciod
200°—YHd IV .h % CE R REAT WO Y 1 ! t
{ | i | i |
£60°L HOWW . bl odd | Jo L i i P8
_ W , m NOILD3S | !
891 NNy |7 NOILO3S i ﬁn zo:.uw | Z NOIL mmF | F_ NOILD3S | | )




S ML T e SR i e

(6 (i bt Akt e et MM it S S ) . —

i (ONIM NY31J) 0°3NOD

zZ.8. 78
};"
:
;
]
o

,. _ , 0 ©0 , o ®0 o)

. (9] Lo ®
. , (0] o 4 { g @O O OarD
“rdwnlm%n;mnﬁ v 8 DWI_..er[ ,Q -,mmm@mﬂ = .mmm%m}.

i g0 i

l
1
!
a

| | | |
—_—— —_— 4 r — S o =it - -—— e —

| tlﬂ N i T ] T I | T R
= },Rni» —t e | I 4 s + ,4 L it e! =L 1 + 1 i 4
8 zo_.rUmm,r | | L NOIL33S. , 9 NOILO3S 5§ NCIL335

|
i
|
-+
+
"

S e
Ty 100 P

O 3QIS¥3M01 1 o]
g

O 30IS¥3ddn | Dm 21
Tmm( S

Merwaw T Tl ettt et
ceo*t woww | | | | B T M i (SRR o s |

¥ NOILD3S L ‘£ NOILD3S zwoiazs] | | | [iwousss] | | |

694 NN ke g L _ | - SRS aET. SRR RS SR v—umz“U.Wm?ll.Tlt.ll

e T——

H

<«




(ONIM NY313) G°4NOD

o

3 1 0 1 e 0 \ 0 L o.
T d [ | 1§ q | i
i ‘rl||\+|‘ s | = " = D‘A — 4+ — — -+ rﬂJWl — w?il'JJ
- et == g 1 $—n o
Q00808 N RE 808
882888%0,, 1m\muwmf Pos 8853 o) ase ¢ o
— - _ = s A -+ - - + - + - i 10¥|,14_||’|+l4‘1 =
| FR— - “h o e ORI | 4 ' ! L 18 4 3. + PSS 4 },r +—
| | _ ﬂ
' I 1 k 4 4 L L + + ¢ i : + 4 | ! ! { = N 4 8-
8 NOILD3S | £ NOILD3S 9 NOILD3S § NOILD3S | p
=S et - Rl TR T { | . | IE—E , ) R [N B [
%1 0o 1 0 1 0 . 0
S ST [ d R N T
T . T;”!# R | 4 } { ~ L 4+ . 4 .:iLYN,lL | . L.lwl[\%ll]&ldl.
L EOA oQ
© 3QIS¥3N0T YT YL et L BT 1ﬂ@|¢|®..m.dl ¢
- g~ pBT - Q ;
O 30i543dan - O PO 2 g sl 4 2T T a ey e e

{

n'ﬂ ., om®

90S*¥WHdIlY —+— T — T 1T I t T | R e = (R O R EEEST REE TR

—_——— 4 e

]

, |
78 L% L HOWW e T e SEE S + SUL TR R CRN TR e & " | 11 _ FT 8-

011335 TNoILD3S| i<
y81 NNy |7 NOLLO3S Pt et n[zo_hUmiwfi e [4 O:.Ummil b _!—zo_kme» e | d




(9NIM Nv3TI) 0°4NGD

0
R e (B
@J
Vou bﬂwj
c_ 8
(9
Y- el
ggEeot—tad
1 4 L 1,
b : + - - + p . oy e J,l\J . . - t+—t—aq B
; 8 NOILD3S | | LNOILD3S 9 NOILD3S § NOILD3S , o
:
s
e o 1 g T FEREE e R
4 d | | d
- 4 + + - + s ~—— 4 4 }(Tlll?’
A ol O o4 B o d B W c
I bS 3] m m“ 0) "
O 3QiS43m071 ‘OGUm Q& Bmmn o @&qu 5
1 apoePq epe®BE" o og® ? op®®"T | .
 § O 3q1543ddn - B 8 SRR I - P Lggal ~ 1 |04 L R TG Wy { <l
M. ] | A R B
m ——— - - - —+ —d + . + -~ 4 - P . - - S e s .M vlﬂ..’ll&. —a -
M_ » ! | | _ {
f Sao*-we™ I T r R S S RN M g e S | i_!\#llﬂj
3 S581°L HOYW - ] ! DA S G o2 U TR ¢ R L | | % J r-
581 Ny Y NOUD3S L Ernoid3Is | L NOILD3S AR Nowd3ss ) M




(9NIM NY3T2) O°4NGD

S
i l o 1 TR il 0
ﬁ 6. WI T A1 T i e L - 1 i ke U o cusne S . 4
- I ;_F m M + * S— ] - — - f'l'lo\‘l'b; - - - e —
. | O [l o) ©|0 o | O
! » />Wo) @ I —p—o]
,BOAUG MWO <®®GDD 5 O@O)ﬂ@@ OOO?D 0o ;
W@cm n ! mmndhr i ‘wmnmn« 1 24 Reecls .70
MTlloi» + e i + 4 4 + J 3. = 4 + p-
—t - e e T . —— e ]
“ |
| SEEERS h“‘w‘ﬁ w ¢ - i 3} + 4 H i & + + » e 4 - - Q.I
gNOILDIS ] L NOILD3S 9 NOILD3S § NOILD3S .
| SR—— 1 = - 1 - | 1 i i+ 3
! . 0 1 0 1 0
r - . - S v
) G e d d m
m L Oéﬂ o ® 0O X) O o O .
© 3QIS¥3A01 - B e oo ¥0 |Jh|m|mdbr®l
. 0 : nOT o yBEBpB [ ® , B .
O 3QIs¥3ddn Tw.@@m a® ~ | © mef Bop®] °4 ppB3C50 " | 4 |gp@U"T e
TI_ l.||+||.(|¢?|$||1 —_— . - - . —_— - - - ‘e t -
S67° YHdY ” e BES EA0Y SC: VO R T R O B R R (SR W W 1
981° L HOWW ; SRS S NCREDS SEPEES SR AEES R . | 8-
981 NNy |7 NOILO3S 1o '€ NOILD3S 2 NOILD3S [NOId3s Eh)
L i 4 < - —

Q

Ho




e e ot it s )N T MR 0 T i P SRR T
(ONIM N¥310) 0°4NOD
~N
M 5 S 0 1
m I 0 a
: L
o w e 88 o¢ YL 8 oq 8
R (O
BSPE (i e | e
8 NOILD3S £ NOILD3S 9 zo_SmL enoudas)
L ST A B i e
y 0 1 ) 0 i) g1t 0
| = s
& i o o
_ 0 ) L o O [
O 30IS¥3IN0T T o TR A % t =
5 oc elo 8 o
O 301su3dan | O 8 C P 3 o L B¢ @Jr | r@n% Lo
B! [0 BT ER
i
»0S® ~¥HdIY e ~ [ Qr T
EEE® L HOWYW =
681 NNy |7 NOILD3S eNoldss| | ZNOILD3S| | L NOILD3S

8-
Le)

g~
9

69




1

8-
D

Ho

8-

9

FIG.
Z.8.23
‘\U

O 3dISd3m0N
0O 3Q1S¥3ddn

577 YHd Y
42€° L HOWW
Tk NNY

et e

NS Sl A b

L i

(9NIM N¥312) O

R e

®4N0D

TR G N S Y

8 NOILD3S L NOILD3S 9 NOILD3S
l 0 l 0 L 0
= &
o ) ol
mmﬂﬁﬂo) aBEB¥ Do g@ 2%~ 7 oq
eel ap@r a@®’ B
St e U, . - {ESE S|
¥ NOILD3S € NOILD3S ] Z NOILD3S

AR AT

=S SEESSS

eee?

4
S NOILD3S

L NOILD3S
S EERSISETSE NS SISty S

8-
Le]

70

8-
Lo)




T~ —yr
de =

(ONIM NY3TD) 7 *4NCT

9 NOILD3S g 9 ZOC.meM. { In_ a5

71

o
o
—
o

0  —
1" 3 q
| , | ol JoN’:| -
8] O 3QIs43m0N : dmoic mﬁ D@.dm me:u: T @@lﬂl@l@h@d 0
LR AR LR ©g®% " ]
o O 3q1S¥3dan . 4 | o I T —t—t—t4
’ ¢ = 4 4+ ! SO . == + 4 = 4 4 = § % + + —4—— -
o’ b § oty . N , R O
0 QJOO (IAJ( ——— - - S 8 ﬂ + . . — - - ~ . - h - - .- t+ ..' e e
! det*boww oLt g L L& 4 1 1 EACHS! SR s (S [ e, L, YOS W
8- |¥ NOILD3 € NOILD35 : Z NOILD3S 1 NOILD3S | , d
| dy K . LA L _,l I S .w»i | SR =0 FNaN r/ZlO, i _,fl-?lllrL e i - I..I_flnn_r]‘hll 2




APPENDIX IT.C
Unsteady Pressure Distributions

Clean Wing (Conf. 0)

Nominal i Oscillation
Run Ma P (H2) K amplitude | Fig.No.
(degrees)
380 0.6 10 {0.100 0,411 TE LGl
382 20 10.199 2
381 30 ]0.299 3
383 40 10,399 4
367 0.8 20 ]0.153 0.11 5.6 5
368 40 10,307 6
378 0.9 10 {0.068 0.3 JEIER
369 20 {0.137 8
379 30 ]0.206 Q
370 40 }0.275 10
160 0.95 20 10.132 0.52 I .G ,11
161 40 10.264 0.22 12
375 1.0 20 [0.125 0.11 LGl
376 40 10.250 14
165 1.05 20 |o0.122 0.52 TGS
166 40 [0.243 0.2 16
373 1.10 10 ]0.058 Ol TGl
172 20 ]0.116 0.28 18
374 30 o3 O.11 19
372 40 [0.231 Gell 20
187 «20 20 J0.109 0.52 T Cle2d
188 | 40 |o0.218 0,22 22
!
192 | 1.35 ! 20 10.100 0.52 1T J8.0%
193 k 20 |o.108 22 24

(Note that in sections 3 and 5 the first point on the upperside, showing a
zero value, is wrong. It should not be used in any evaluation. Further the

values for the upperside are plotted with a reversed sign).
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